Objectives: Pathologist workload in the United States has traditionally been measured by relative value units (RVUs), which is often criticized for providing an inaccurate estimate of actual work. This study compares three methods for measuring workload.
How to distribute work equitably has become a major challenge since the shift toward subspecialized sign-out in surgical pathology. Prior to the 1990s, many pathologists were generalists and signed out all types of cases, which could be easily distributed so that workload was similar for each pathologist. However, with the advent of molecular classification of tumors and the move toward precision medicine, the knowledge base required for each subspecialty area has expanded significantly. To meet the need for increasing depth of knowledge in focused areas, many academic centers and large practices have moved to a subspecialty-based model. 1 With this change, many groups are faced with the challenge of how to determine equivalent workloads across subspecialties. In the United States, relative value units (RVUs) are the most common method for determining workload since the RVU system is used for billing. Prior to 1989, physicians set the charges for services rendered in the United States. To standardize physician payments, the Omnibus Budget Reconciliation Act of 1989 introduced the resource-based relative value scale used by the Centers for Medicaid & Medicare Services (CMS). Payment is based on RVUs for three components: physician work, practice expense, and professional liability insurance. In 1999, the American Medical Association established Current Procedural Terminology (CPT) codes for health care services and assigned a RVU for each CPT code. 2 CPT codes for physician services have a professional (physician workload) and technical component (nonphysician services). CPT codes were intended to streamline billing and administration, and they often do not accurately reflect the complexity of different pathology specimen types.
In England, the Royal College of Pathologists (RCP) established the Guidelines on Staffing and Workload for Histopathology and Cytopathology Departments. First published in 1999, the guidelines, now in their third edition, were designed to ensure equitable and reasonable workload distribution among all specialists and general pathologists to provide sustainable, high-quality patient care and aid in workforce planning. [3] [4] [5] The third edition addressed many of the criticisms of previous editions by implementing a prospective subspecialty-based point system that reflects specimen complexity and provides a more accurate estimate of actual workload. 6, 7 Other systems for measuring anatomic pathology workload (eg, use of time and motion studies, slide counts, and retrospective point systems) have also been proposed. [8] [9] [10] Identifying the best system for measuring workload is important for ensuring fair distribution of work, which has become increasingly complex in the current era of subspecialization. This study aims to compare the RVU system with the RCP system and a slide count system used at University of Washington-Seattle (UW) in calculating workload.
Materials and Methods

Data Extraction
A database search of PowerPath for 1 month (November 2012) at Stanford Healthcare identified all in-house surgical pathology and cytopathology cases. The data extracted included specimen type, specimen code, diagnosis, CPT code, slide counts, and sign-out pathologist. The specimens were assigned to the following subspecialty categories: breast, gastrointestinal (GI), genitourinary (GU), gynecologic (GYN), medical liver/renal, and cytopathology. The remaining specimens were assigned to a general category encompassing thoracic, head and neck, and bone/soft tissue cases. Pathologists with more than 10 years of experience staffed all services. Residents were present at the time of sign-out for most cases and participated in all services except for medical liver/renal. Intraoperative frozen-section evaluations and touch preparations were excluded since they are not covered by subspecialty services. Hematopathology, dermatopathology, neuropathology, and heart/lung transplant cases are signed out by separate services and were excluded from this study, which was performed to evaluate specific surgical pathology subspecialties. Consult cases and outside slide review cases were also excluded since the CPT codes for slide review are generic and not specific to specimen type, and the RCP system specifically excludes consult cases.
RVU System
The RVU professional component for each specimen was determined on the basis of the CPT codes assigned to each specimen part. The CPT code value used for the calculation was based on CMS rates set for fiscal year 2013, which was the prevailing rate for services at the time of data analysis: 88300 ¼ 0. The Medical Group Management Association periodically reports mean RVU rates for academic anatomic pathology practices based on responses received from practice surveys. The 2011 rate (6,016 mean RVUs per year) was the most current available where mean RVUs per year were reported and used to calculate the expected number of RVUs per hour for an academic pathologist. The expected RVU per hour depends on the expected length of the workday and the total number of workdays. A decision was made to use 6 hours as a full-day equivalent since RVUs do not reflect time spent staffing tumor boards, performing second review of cases, selecting slides for send-out, and other miscellaneous clinical activities. The RVUs generating clinical work together with the additional clinical activities would approximate a standard 8-hour workday. In addition, for the purposes of this study, we presumed the clinical work would be spread over 6 months (127 workdays-excludes standard holidays but not vacations) since academic pathologists are expected to be active in research and teaching. This yields a conversion rate of 7.8 RVUs ¼ 1 hour (60 minutes). Work spread over a longer workday or more months would yield a lower RVU per hour expectation.
RCP System
The RCP system is based on a six-tiered system where each specimen is assigned a point value based on complexity Table 1 . Point values range from 1, 2, 3, and 4 to 8 and 12, where each point is worth approximately 5 minutes. Specimens are divided by subspecialty: lymph nodes from all systems (nonhematologic), frozen-section assessment at any site, cytopathology, breast, cardiorespiratory, dermatopathology, endocrine, female genital tract, gastrointestinal, hematopathology, head and neck, liver and pancreatic, osteoarticular and soft tissue, and urological. 6 The RCP system specifically does not apply to consult cases,
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Cloetingh et al / Methods for Measuring Pathology Workload neuropathology, pediatric pathology, forensic pathology, and ophthalmic pathology. Since the RCP system takes into account that a subset of specimens will require special stains, IHC, and so on, no additional points are assigned for ancillary studies, except where otherwise designated such as for electron microscopy. In addition, no points are allocated for showing cases around, reviewing prior pathology, obtaining clinical information, or looking up information in the literature or in textbooks. For work not specified in the RCP system, we assigned an RCP point value based on average time spent; for example, 8 points (30-40 minutes) were assigned to pathologist-performed FNA biopsies. The RCP specifies a full workload as 36 points (�3-4 hours) per day averaged over a week for each pathologist, presuming a mixture of simple and complex cases. For this study, we defined a full workday as 72 points in 6 hours or 12 points ¼ 1 hour (60 minutes) Table 2 . The actual time value per point is not linear. For example, a 1-point case is worth a maximum of 5 minutes, whereas a 3-point case is worth a maximum of 20 minutes or 6.67 minutes per point, which would correspond to 72 points of work spread over 8 hours (9 points ¼ 1 hour; 1 point ¼ 6.67 minutes). For simplicity, we used a conversion of 5 minutes per point.
Slide Count Equivalents-UW
The UW uses a slide count system for determining workload where 21.8 slides ¼ 1 hour (60 minutes). Indirect patient care duties such as multidisciplinary tumor boards can be assigned slide equivalents and factored into total workload. For this study, only slide counts were used in calculating workload; indirect patient care duties were not taken into consideration. Routine H&E sections, additional level sections, special stains, and IHC slides for each case were totaled and categorized by subspecialty. The total slide counts were converted into hours using the UW conversion rate.
Comparison of Systems
The total number of RVUs, RCP points, and UW slide counts was calculated for each subspecialty area. A correlation analysis was performed using Pearson linear regression.
A P value of .05 or less was considered statistically significant. Statistical analysis was performed using Microsoft Excel (Microsoft, Redmond, WA). RVUs, RCP points, and UW slide counts were also converted into work hours to allow a direct comparison of the three systems.
Results
Pearson linear regression analysis shows a strong positive correlation of RVUs with RCP points (0.93, P < .01) and UW slide counts (0.86, P < .01) Figure 1 and Figure 2 . RCP points also positively correlate with slide counts (0.70, P ¼ .05) Figure 3 , but the correlation is weaker.
Conversion to hours of subspecialty work per day based on 7.8 RVUs ¼ 1 hour (60 minutes), 12 points ¼ 1 hour (60 minutes), and 21.8 slides ¼ 1 hour (60 minutes) shows good correlation between RVUs and RCP points but poor correlation with slide counts Figure 4 . Slide counts significantly overestimate work for breast, general, GI, GU, and GYN. They also rate medical liver/renal and cytology work higher, but the difference is less marked. Doubling the conversion rate to 43.6 slides ¼ 1 hour results in a much better correlation with RVUs and RCP points, but slide counts continue to value breast workload higher than RVUs and RCP points Figure 5 .
The RCP point system rates GI and GU workload lower than the RVU system. Both GI and GU are subspecialties with high 88305 biopsy volumes, where workload is considered inflated by the RVU system. It also values breast workload lower, which may be the result of the RCP system not assigning additional value to ancillary studies such as IHC and fluorescence in situ hybridization, which are now a standard component of breast cancer specimens. Medical liver/ renal and cytology are valued higher by the RCP point system than by RVUs, reflecting the higher complexity assigned by the RCP system.
Discussion
The aim of this study was to compare three methods for workload measurement. All three methods show a strong positive correlation on linear regression analysis; however, discrepancies among certain subspecialties become apparent when comparing calculated hours of work per day. The results show that the RVUs tend to favor subspecialties with a higher volume of small specimens, while the RCP system provides more weight for subspecialties with more complex specimens. Using the UW slide count conversion rate of 21.8 slides per hour resulted in poor correlation with RVUs AJCP / ORIGINAL ARTICLE and the RCP system in measuring workload. Doubling the rate resulted in good correlation, but slide counts continued to overvalue workload for subspecialties, such as breast pathology, that have extensively sampled large specimens.
All three systems have advantages and disadvantages in measuring workload. RVUs are a necessary component of reimbursement, and every specimen will have an associated RVU value. It can be easily extracted from the laboratory information system (LIS) and used for workload determination. When the CPT system was created, there was an attempt to stratify specimens based on complexity, but it does not accurately reflect differences across subspecialties. For example, GI mucosal and medical renal biopsies are both assigned the same CPT code, 88305. In contrast, the RCP system assigns 1 point for a mucosal biopsy specimen vs 12 points for a medical renal core biopsy specimen, reflecting the markedly complex nature of these specimens. RVUs tend to overestimate workload for specialties such as GI, which are rich in small, mostly uncomplicated biopsy specimens.
RVU is also subject to change on an annual basis. Every year, the relative value update committee (RUC) and The slide count system has similar advantages to RVUs in ease of measurement-slide counts are already tracked in the LIS and are readily accessible. However, the major disadvantage is the retrospective nature of the workload measurement and the variability introduced by different grossing practices, histology processes, experience levels of sign-out pathologists, and participation rates by trainees at different institutions. More blocks submitted or more level sections or stains ordered per case will inflate the apparent workload. This could account for the poor performance of the UW slide count equivalents when applied to the Stanford cases. Adjusting the slide conversion rate was required to achieve good correlation with RVUs and RCP points for subspecialties with large specimens (eg, breast, general, GI, GYN, and GU) but not for medical liver/renal, where the number of blocks and slides per case is fairly standard across institutions. Differences in histology practice could also affect slide counts: standing orders for special stains, routine number of level sections evaluated for small specimens, and multiple level sections placed on one slide vs one level section per slide. Differences in the experience level of the pathologists at each institution could also significantly influence slide counts. At Stanford, the pathologists signing out during the month evaluated all had more than 10 years of experience, which could have led to fewer orders for level sections and stains and fewer blocks submitted. Resident and fellow participation in sign-out can lead to more level sections and stains ordered, which can also negatively affect the widespread applicability of the slide count system across different practice types.
The major benefit of the RCP point system is that it has already gone through multiple iterations over the course of more than a decade. It started out in the first edition by measuring workload by focusing mainly on specimen number. 3 This is the most basic method of distributing work and is used by many pathology practices in the United States. However, it is widely recognized that specimen numbers are too crude of a measurement and do not accurately reflect specimen complexity. Acknowledging this flaw, the RCP revision and second edition published in 2005 made modifications to measure workload on the basis of specimen type and complexity as well as number of levels, block, and additional stains. 4, 5 However, the level of detail required to estimate workload in this retrospective system precipitated criticism from practicing pathologists, who found the complex system difficult to implement in practice. The second edition has similarities to the RVU and slide count systems, where apparent workload can be increased by ordering more stains at the time of sign-out or submitting more blocks at the time of grossing. After extensive consultation with specialists and general pathologists in practice to further refine the guidelines, the third edition was published in 2012 and represents a streamlined prospective system with many features taken from the system developed by the Warwick hospital. 12 The third edition RCP point system prospectively allocates workload and provides a detailed categorization of specimens based on complexity while accounting for differences between subspecialties. The approach is more granular than the RVU system and is designed solely for determining workload and not for billing purposes. The RCP system also takes into account variation in complexity within each specimen category. For example, a breast core biopsy specimen demonstrating invasive ductal carcinoma may require more time in RCP points than designated, but a breast core biopsy specimen demonstrating a fibroadenoma may require less. As a result, the RCP system assigned points by taking into account the average amount of work for each specimen category based on the premise that the simple and complex cases will counterbalance each other. The potential shortcoming to this approach is in the proportion of complex specimens at a given institution. If there is a significantly higher proportion of high-complexity cases relative to lower complexity cases, then the RCP point system may underestimate workload. However, since the points correlate to a range of minutes, this could be used to adjust workload calculations. Despite this potential shortcoming, the RCP system is a more refined approach than the RVU system, which has too few categories to account for differences in cognitive complexity across subspecialties. It is well known that specimens coded as 88305 vary widely in terms of the effort required for interpretation (eg, tubular adenoma vs transplant kidney biopsy specimen). In addition, number of slides per specimen is a poor surrogate for complexity since it does not account for differences between subspecialties.
The major challenge of the RCP system is how to integrate it into the regular workflow of a pathology practice in the United States, where the LIS currently revolves around CPT codes and RVUs. Using the RCP point system would require the establishment of a new coding system where a pathology staff or LIS (preferable) can prospectively assign the appropriate RCP point value to each specimen. Recently, a new system, designated Automatable ActivityBased Approach to Complexity Unit Scoring (AABACUS), was described using data extracted from the LIS to measure workload based on complexity. 13 By extracting a number of different parameters (eg, additional stains, levels, IHC, presence of synoptic tables, and addenda) from pathology reports, a complexity unit is created based on activity, not specimen type. The authors state that their system more accurately reflects workload compared with the RVU system without being influenced by pathologist-initiated activities (eg, additional stains, levels). Similar to the RCP system, the AABACUS system requires an LIS capable of storing the designated parameters as well as individual parameters, with expertise in extracting and processing the data. Identifying and implementing a robust method for measuring workload across subspecialties in surgical pathology is essential for maintaining a supportive and collegial work environment where workload is equitably distributed and where plans for increased staffing can be made prospectively to accommodate projected increases in volume. This is especially important since excessive workload can negatively affect quality. Numerous published studies in other areas of medicine show a positive correlation between work hours and error rates for physicians and nurses. [14] [15] [16] [17] In cytology, excessive workload in Pap smear screening and major errors led to the Clinical Laboratory Improvement Amendments of 1988 18 to limit the number of slides a cytotechnologist is permitted to screen in a 24-hour period. 19 While all three systems have strengths and weaknesses, the RCP system is the most advanced and well developed, having gone through multiple revisions in response to feedback from practicing pathologists. The major strength of the RCP system is that it is a prospective system where calculation of workload is not dependent on how many sections are submitted at the time of grossing (increased slide counts) or how many immunohistochemical stains are ordered at the time of sign-out (increased RVUs). It is also an evolving system that is revised by the RCP as the practice of surgical pathology changes. A fourth edition was issued in 2015 with no changes to the point tables, except the addition of a table for ophthalmic pathology. 20 The entire guidelines are scheduled to be revised in 2016.
